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Introduction
Okinawa is one of the 47 prefectures of Japan. It consists of a group of 44 inhabited islands that extend 800 miles south of the main Japanese islands, north of Taiwan. These islands, part of the Ryukyu Kingdom, were incorporated into the Japanese Empire in 1879. The people of Okinawa still consider themselves different from those of mainland Japan, and there are dissimilarities between some features of their cultures and traditional life styles. For 80 days in 1945 Okinawa was the site of the last and most decisive battle of WW II between Japanese and American soldiers. More than 100,000 soldiers died, as well as an equal number of civilians. The territory was subsequently under U.S. administration until 1972, when it was returned to Japan. Its population of 1.3 million inhabitants is considered to be among the less economically developed of Japan. Since the excellent contribution of Irene Taeuber (1955) , no in-depth studies of the demography of Okinawa have been conducted, although these are essential in order to validate its alleged exceptional longevity. Studies of centenarians are frequently used to investigate the determinants of healthy aging and exceptional longevity. Most of these studies involve individual centenarians and compare their behaviors and characteristics with younger members of the same population.
2 A few other studies have analyzed populations which are somewhat isolated and often ethnically distinct that experience exceptional longevity. These studies assess not only individual longevity but also the longevity of the population as a whole. The mountainous areas of Sardinia and Okinawa are the two most important regions where population longevity has been recently investigated in more detail. 3 Verification of extreme age and exceptional longevity is crucial to the validity of all research on the oldest olds. Individual longevity and population longevity are complementary concepts that may contribute to the analysis of the determinants of longevity, but their validation process differs. For individual longevity, the age of every oldest old person is carefully checked before inclusion in the analysis, or exclusion in case of error. For population longevity, individual age validation is also required, 4 but an exhaustive enumeration of the oldest olds has to be ensured from a basic analysis of the demographic evolution of the population.
A recent paper by Willcox et al. (2008) might be considered to be a direct response to the need for a complete validation of population longevity in Okinawa. It presents a battery of arguments that support the conclusion that the high prevalence of centenarians in Okinawa is valid and warrants further study of its genetic and environmental correlates. The present article intends to revisit these arguments, to assess the demographic aspects of the longevity of the population of Okinawa, and also to consider recent research by Saito (2010) on the age validation of super-centenarians in Japan.
Exceptional longevity in Okinawa
Population longevity is often assessed by computing the prevalence of centenarians, which is the number of centenarians reported among the total population at a given time (Table 1) . Although the prevalence of centenarians is the most commonly used global index for comparing longevity, it is not necessarily the most appropriate (CanudasRomo 2010) . Important potential biases are linked to the fact that a population born a century ago and living in a particular place cannot be compared with the total population of that locale. Variations in fertility and mortality occurring over the course of a century, as well as selective migration, may profoundly influence this index and make it completely unusable for comparative purposes. Nevertheless, as shown in Table  1 , the prevalence of centenarians in Okinawa is exceptionally high, especially among women. The prevalence computed for both sexes since 1963 has been consistently higher for Okinawa than for Japan as a whole (Figure 1 and Annex 1).
Period life expectancy might be a better index for comparing levels of longevity between different populations, although it describes only the current survival rates of the population and applies them to a fictitious cohort. A comparison of figures for 2005 5 reveals that the life expectancy at birth for females exceeds 86 years for Okinawa, which is higher than that of every other country shown in Table 2 . These data also show the exceptional prevalence of female centenarians in Okinawa. It is two or three times higher than for Japan as a whole and other European and North American countries, and life expectancy is also higher.
Figure 2 compares female life expectancy at 65 and 80 years for all Japanese prefectures and selected countries in 2000. Okinawa is clearly in the lead, followed at some distance by the other Japanese prefectures, and at an even greater distance by the European and North American countries with the highest life expectancies. We therefore conclude that the situation in Okinawa definitely appears to be exceptional. Nevertheless, such an extraordinary demographic situation needs to be fully validated. All of the other alleged cases of exceptional population longevity, e.g., the Caucasus, Ecuador, and Pakistan, have been found to be invalid (Jeune and Kannisto 1997) , except for Sardinia, where males have been proven to live significantly longer in the mountainous populations .
In-depth validation is therefore crucial to legitimate the findings obtained by several decades of researchers (Willcox et al. 2001) . We find in the literature on individual longevity that the more exceptional the situation, the more carefully and thoroughly the validation has been developed. In-depth investigations into the extreme life spans of Jeanne Calment, who died at 122 years of age, and Chris Mortensen, who died at 115, have found nothing that would invalidate either case (Wilmoth et al. 1996, Robine and Allard 1998) . Other Japanese prefectures
Because Japanese demographic data have always been considered extremely reliable, an in-depth investigation was probably never undertaken until we raised the question Naito 2005) . Some doubt persists with regard to the absolute reliability of the Japanese data; therefore no unassailable conclusion can be reached from current research into longevity and the determinants of healthy aging in that country. Recent media reports reinforce this statement. Okinawa.
free from error. It is clear that in-depth investigation is essential to legitimate all research into the exceptional longevity in Okinawa, and this study should also be viewed as a contribution toward any research using demographic data on
Validation of individual and population longevity
According to Thoms (1873) , "the proof of [the age of a centenarian] should be clear, distinct and beyond dispute." With regard to the probability of finding centenarians before 1800 and supercentenarians before 1950, Hynes (1999) said that validation could face "a range of difficulties, which might be impossible to overcome." If one important piece of information is missing, we cannot conclude that there is "no doubt at all" about the validation: if one element is wrong, the whole validation process is disproved. It is definitely easier to prove that a person is not a centenarian than the opposite. In fact, a well-founded argument is sufficient to invalidate with high probability the age of an alleged centenarian, whereas an imposing set of consistent documents are required to establish a high probability of age validation (Poulain 2010) .
Similar rules apply to validating population longevity. The age validation of individual centenarians or a representative sample has to be conducted very carefully. The identification of a few invalidated cases does not necessarily invalidate the longevity of the whole population.
7 These cases simply have to be eliminated or corrected when computing longevity indexes for comparative purposes. Additional rules apply for assessing the comprehensiveness of data collection -all demographic data have to be investigated, including the demographic evolution of the population going back more than a century. This is a key factor for validating exceptional population longevity. However, validating will never be as easy as invalidating individual longevity by means of well-documented arguments. Ensuring the validation of individual longevity on Okinawa is sufficient for identifying the characteristics of centenarians as compared to younger controls. However, any attempt to prove the exceptional longevity of the population of Okinawa, based on the prevalence of centenarians or the level of life expectancy, imperatively requires the validation of the longevity of the whole population.
Reliability of available data sources
Several data sources are available to support demographic studies: civil registration (Koseki), the population register (Jyuminhyo), annual lists of centenarians (Zenkoku Koureisha Meibo), vital statistics (Jinkô dôtai chôsa), and population censuses (Kokusei chôsa).
The civil registration system (Koseki)
The Japanese civil registration system is based on the Koseki, in which official data related to each family are transcribed, including births, deaths, marriages, and divorces. The Koseki is a family register, which records all family relationships. It gives the respondent's date and place of birth, rank in the family (e.g., first or second son, third daughter), and complete information on parents, siblings, grandparents, and spouse(s). The original Koseki -the Jinshin Koseki -was standardized as the identity register for the whole of Japan on 4 April 1871. However, Kitou (1997) noted that the system could only be considered complete and accurate as of 1886. Moreover, as the Ryukyu Kingdom, which includes Okinawa, was integrated into the Japanese Empire in 1879, the Koseki was introduced progressively starting from 1879, but Matsumoto (1977) concluded that the Koseki in Okinawa has only been fully operational since around 1900.
Due to issues of sensitivity related to the caste system, the Jinshin Koseki was replaced by the Genko Koseki according to a law (Koseki ho) enacted 22 December 1947. All of the Koseki have therefore been updated and the old versions are no longer available for validation purposes. The most important difference between the Jinshin Koseki and the Genko Koseki is that the new system groups individuals by nuclear families (parents and children), whereas the old system registered them according to family lineage, called Ié. 8 From an operational perspective, after leaving the parental home, a child establishes a new Koseki. Two types of Koseki certificates are issued: the Koseki tohon, which contains exact and complete information on all family members, and the Koseki shohon, which provides the identical information for an individual who requests this document. The latter document serves as an official birth certificate, as no birth or death register exists in Japan. The Honseki or legal domicile is the place where an individual is registered in the Koseki and where he or she may request these certificates; it is not necessarily the individual's usual place of residence. The situation is more complex in Okinawa, as most of the old Koseki were destroyed during WW II and a provisional Koseki was reconstructed both by American authorities in Okinawa and Japanese authorities in Fukuoka. As will be explained later, only following the return of the territory to Japan in 1972 was the new Koseki unified and can it be considered fully operational in Okinawa.
The population registration system (Jyuminhyo)
In addition to the Koseki, a population register called the Kiyori seido (literally Residence System) was created in 1914. The system was revised according to a law enacted 25 July 1967, and is now known as the Jyumin Kihon Daïcho (literally Resident Population Register). This register contains information on the date and place of birth, sex, marital status, relationship to the head of household, and address of the place of usual residence of all individuals currently living in the same household. The Jyumin Kihon Daïcho continuously updates the usual place of residence of the individual and is thereafter grouped by household rather than family. These documents are used for electoral and other administrative purposes and maintained by the administration of the place of usual residence. The Jyuminhyo serves as official proof of residence. The relationship between the Koseki and the Jyuminhyo is unidirectional: a certified copy of the Koseki has to be presented for registration in the Jyuminhyo, and the legal domicile of the Koseki is recorded in the Jyuminhyo, but the usual place of residence is not included in the Koseki. As Saito (2010) explained, there is another important difference between the Koseki and the Jyuminhyo with regard to accessing individual records. Only family members may request an extract or duplicate of the Koseki, while a certificate of residence for every individual may easily be extracted from the Jyuminhyo for research purposes. Unfortunately, the Privacy Protection Law of 2005 has largely restricted access to the Jyuminhyo. Moreover only individual information is included, limiting the usefulness of that document for age validation. st and include those who are or will become centenarians from October 1 st to April 1 st of the following year. 10 The selection of these dates was linked to the fiscal year, which begins April 1 st and ends March 31. As Robine, Saito, and Jagger (2003) explained, these lists can be used to estimate the number of centenarians on October 1 st , considering that some of those listed will die before October 1 st and others who are 99 years old will celebrate their 100 th birthday before March 31 st . The Ministry in charge of releasing these figures therefore makes some necessary corrections.
Vital statistics (Jinkô dôtai chôsa)
Vital statistics on births and deaths by age and sex have been produced annually at the local level since the end of the 20 th century. At the beginning of the 20th century, the delays in reporting births and deaths were quite limited in Japan but in Okinawa births were sometimes reported late, or not at all in the event of early death (Kono 1998 ). This could have resulted in a lower level of registered infant mortality compared to Japan as a whole, until after WW II, as shown in Figure 3. 
Population censuses (Kokusei chôsa)
In Japan, censuses have been conducted on October 1 st every five years since 1920, prefectures identified some discrepancies. They compared two successive censuses -1975 and 1980 -and the deaths registered between them, but only for birth cohorts up to 30 years of age. The UN joint score index can be used for checking age heaping up to age 75. Figure 4 shows opposite trends for Japan as compared with Okinawa, where levels have remained relatively high without signs of recent improvement. With regard to the reliability of the censuses, it is worth mentioning that the number of individuals of unknown age enumerated was higher for Okinawa than for Japan as a whole, except for 2005 ( Figure 5 ). The 2005 census results were the first to include data on age and sex structure by single years above age 100. While the proportion of the 80-89 age groups relative to the total population is larger in Japan than in Okinawa, the situation is reversed for older ages. The levels are similar for ages 90-94, but above 95, and especially after 100, the figures are clearly higher for Okinawa: the proportion of centenarians is twice as high for men and three times higher for women ( Figure 6 ). 1 9 2 0 1 9 2 5 1 9 3 0 1 9 3 5 1 9 4 0 1 9 4 5 1 9 5 0 1 9 5 5 1 9 6 0 1 9 6 5 1 9 7 0 1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0
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Compatibility of data sources with regard to the number of centenarians
Age is self-reported on censuses, but the annual lists of centenarians are based on administrative records (Jyuminhyo). The compatibility of these two data sources should be checked, even if it can be assumed that most individuals have reported their age as stated in their Koseki. Figure 7 compares these figures for Okinawa. The figures are extremely consistent, except for the last two censuses. The likely reason for these differences is the correction methodology applied by the Ministry for issuing annual figures on centenarians.
The numbers of deaths of centenarians according to vital statistics may also be contrasted with figures obtained by comparing successive annual lists of centenarians. The annual lists do not report the number of centenarians who have died. These lists are dated October 1 st , whereas death statistics are produced on an annual basis. A method of approximation was therefore developed to ensure comparability by assuming no migration after age 100. 12 The result of this procedure is applied to Okinawa in Figure 8 . It shows a slight overestimation for the data obtained by comparing successive annual lists of centenarians. Death registration is considered to be exhaustive; therefore this overestimation should be investigated more thoroughly. A possible explanation is that annual lists might include individuals who survive "administratively" in the Jyuminhyo because their deaths were not registered. The names of these individuals were later removed when the administrative error was found, but they were not included in the death records of that year.
13 Access to individual data would be required in order to test this hypothesis.
Evolution of the population of Okinawa
The long-term population trends of Okinawa and the evolution of its age and sex structure have been affected by considerable emigration during the first half of the 20 th century and large human losses during WW II (Figure 9 ). 1901 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 Sex ratio Total population
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Age and sex structure of the population
The increase in the population and changes in the sex ratio have both been affected by large-scale, mainly male, emigration before WW II (Figure 10) . A pattern of migration from Okinawa to Hawaii started in 1900, 15 years later than from mainland Japan.
A large number of Okinawans left in a short period of time. 14 The emigration rate was among the highest in Japan: by 1940, one out of ten Okinawans had emigrated. The reasons were economic -Okinawa was poor and has natural disadvantages because of its geological location, socio-political -the Ryukyu Kingdom land allocation system was replaced by individual ownership, and personal -emigrants' success stories and emigration agencies encouraged individuals to leave. 5000   1899  1902  1905  1908  1911  1914  1917  1920  1923  1926  1929  1932  1935  1938  1941  1944  1947  1950  1953  1956  1959  1962  1965  1968  1971  1974  1977  1980  1983  1986  1989 Source: Ryukyu Shimpo Journal (http://ryukyushimpo.jp/variety/page-31.html). (American estimates) (Figure 11 ). The losses were exaggerated by the fact that many civilians had been evacuated to mainland Japan and had not yet returned in 1945. Female po pulatio n in 1945
Male po pulatio n in 1945 Figure 12 shows an estimate we developed of the WW II Okinawa population losses, based on individual information collected by the Peace Memorial. One fourth of the population was lost -three men for every two women. 60% of males in the cohorts born on the island between 1910 and 1924 died. The significant gender gap as well as the sex differential in the 1920s' and 30s' wave of migration are responsible for the sudden increase in the female/male sex ratio after WW II, and also for the current high sex ratio among the older olds. 
Evolution of mortality in Okinawa
Comparative life tables are available for Japan and Okinawa every five years at the time of each census, beginning in 1920. A comparison of mortality levels by five-year age groups reveals a clear mortality crossover, as previously discussed Naito 2005, Naito and . Figure 13 shows the mortality crossover for the 2000 life table; the mortality rates for Okinawa are higher before and lower after age 60, relative to Japan. Coale and Kisker (1986) made an in-depth study of the possible reasons for mortality crossovers. The two main explanations are (i) a selection effect and (ii) age misreporting or bad data. In the case of Okinawa as compared with Japan, all life tables since 1975 show this phenomenon, but the point of the crossover moves progressively over time, in such a way that the same groups of cohorts -those born before and those born after 1945, the end of WW II -are systematically contrasted. The ratio between the mortality rates in Okinawa and Japan are provided in Table 3 . Kaneko (1987) and Takahashi (1993) have previously drawn attention to this contrast between the two groups of cohorts. According to Coale and Kisker's hypothesis, these two groups of cohorts should have experienced different selection effects or differences in the reliability of their data. More precisely, according to the first hypothesis we might suppose that those born before 1945 experienced more difficult life conditions than the succeeding cohorts, as compared with Japan as a whole. The second hypothesis might be that the age reporting is less reliable for cohorts born in Okinawa before 1945 than in Japan as a whole. The first hypothesis has been supported by several studies that demonstrated the positive impact of caloric restriction on the first group of cohorts (Willcox et al. 2006 ) and the negative effects of "westernization", which mainly applies to the younger generations (Kagawa 1978) . More recently, Hokama and Binns (2008) attributed this contrast to lower birth weights among the post WW II cohorts.
Even if the first group of factors is acknowledged to have a significant impact on longevity for nutritional reasons, the possible lower quality of the data cannot be excluded because of the sizable impact of the crossover. This impact is more obvious in Tables 4 and 5 where, using data from life tables, the cumulated number of deaths up to age x (Table 4) and life expectancy at age x (Table 5) have been compared for Okinawa and Japan as a whole. 16 These data confirm the large differences between the two groups of generations. The Okinawa life tables show more deaths for both sexes of the generations born after 1940, and higher life expectancy for the generations born before that year. The magnitude of these differences for women is two times greater than it is for men. 
The reliability of demographic data for Okinawa
The key data source for age validation is the Koseki, in which the date of birth is originally recorded. However, a large majority of original Koseki was destroyed at the end of WW II. The particulars of the reconstruction of the Koseki in Okinawa after 1945 are therefore crucial to assessing the reliability of the current sources of age data.
Reconstruction of the Koseki after WW II
According to Nishihara (1977) , almost all of the Okinawa Koseki were destroyed during WW II -original documents as well as copies. Maeda's more recent research (2004) found that only 5 of the 41 municipalities, constituting less than one tenth of the population of Okinawa, had intact original documents. 17 Six other municipalities had some original Koseki. Nishihara (1975 Nishihara ( , 1977 , a jurist and sociologist from Okinawa, undertook an indepth analysis of the difficult circumstances under which the Okinawa Koseki were reconstructed during the American occupation, from 1945 to 1972. He concluded that the task was extremely difficult due to the lack of documents, original Koseki or other official documents, resource persons, and poor coordination between the U.S. and Japan. The reconstruction of the Koseki was undertaken by American authorities in Okinawa, and by their Japanese counterparts in the Prefecture of Kagoshima (south of mainland Japan), for all individuals born in Okinawa who were evacuated to mainland Japan during or after WW II.
In the first few months following the end of WW II, no method of documentation existed to estimate the surviving population as support for re-establishing social order. In September 1946 the U.S. administration issued guidelines for establishing a temporary Koseki. The development of this Koseki began in early 1947 with a limited amount of information. 18 The principal aim of the temporary Koseki was to distribute food and manage migration (internal migration, emigration, and repatriation). Another important function was the organization of compulsory work for Okinawans assisting the U.S. administration. The reliability of the data from these temporary Koseki was rather poor, due to the circumstances under which they were collected. It is important to analyze these circumstances in order to assess the reliability of the data. The reconstruction was based on personal interviews with acquaintances or family members. Classmates were sometimes interviewed because the whole family had died in the war. Some discrepancies may also have resulted from the confusion and shock occasioned by the war. "It is evident that this state of shock affected the reliability of the reporting system, and although Okinawans considered age very sacred, there were genuine reasons for unwillingness to participate." 19 The extreme fatigue of the interviewees made them appear older than they were, the American interviewers probably encountered language barriers, and they also had difficulty interpreting birth dates based on the calendar in use during the Meira era, from 1868 to 1911. In March 1954 the Ryukyu government under U.S. administration finally passed a law instituting a provisional Koseki. The temporary Koseki continued to be used, with the result that errors remained even if further information was added. Consequently, numerous inconsistencies arose between the information in the provisional Koseki and the Koseki developed by the Japanese administration in the Prefecture of Kagoshima, for individuals born in Okinawa but who were living or had lived on mainland Japan. This duplication of the Okinawa Koseki persisted up to reunification in 1972. Many juridical actions have been initiated requesting changes in the registered information, even after reunification. The actions resulted in changes of surname, given name, filiations, birth date, etc. These types of juridical actions were 30 times more numerous in Okinawa as compared with the Japanese average. Their number varied at different times, but according to Nishihara (1975) certain peaks of activity may be linked to the adoption of particular laws. 20 The first such law concerned the welfare of the elderly, and it brought 18 The temporary Koseki included the following information: head of the Koseki or head of household, marital status, address, and members of the household who had died or disappeared during the war. substantial improvements for those aged 65 years and over. The second, enacted in 1969, instituted a welfare pension for all individuals born before 1899. The third, adopted in 1968 but only operationalized in 1970, granted a welfare pension and a national pension to all male workers above the age of 60 and to female workers above the age of 55 if they had worked more than 20 years. Nishihara reported that the relative number of changes requested during these years was higher for Okinawa compared with the national average, and he did not exclude the possibility of false declarations. In order to assess the reliability of the local Koseki, we examined the number of legal actions for changes in the Koseki in the 1950s and 60s, as reported by Nishihara (1975 Nishihara ( , 1977 . The number of requests for changes for each municipality was compared with the number of inhabitants, and then with longevity. To assess longevity we divided the total number of centenarians in each municipality born between 1863 and 1903 by the number of inhabitants enumerated in the 1990 census. As shown in Figure 14 , the correlation between the number of legal actions and apparent longevity by village is significant (R 2 = 0.62). 
Can demographic data afford misreporting of age?
In a situation where misreporting of age is plausible, it is worth checking whether the demographic data can support such a hypothesis. Four types of errors can be identified with regard to misreporting of age. The first is inadvertent and can be considered as randomly distributed around the actual age, following a Gaussian distribution. In the second type the reported ages are also randomly distributed, but exhibit an innate tendency toward overestimation. The third type of error is an intentional exaggeration of age in order to gain financial benefit; however, as discussed above, this situation is less common. The last situation could be caused by the fact that some reported ages might be exactly 12 years older, due to the twelve signs of the Japanese zodiac. Preston, Elo, and Stewart (1999) demonstrated that misreporting of age always involves the underestimation of mortality rates at old ages, even if the reported ages are randomly distributed around the actual ages. Consequently, in the instance of any of the above-mentioned types of errors, life expectancy as well as the number of centenarians is overestimated.
By comparing successive censuses we verified whether the evolution of the age and sex structure is compatible with the consequences of possible misreporting of age. We limited our analysis to females, as longevity in Okinawa is primarily a female phenomenon. We used the census data in Annex 2 to calculate the probability of survival from one five-year census to the next, assuming that emigration has not been considered for the population above 50 years of age, and that the probabilities reflect survival between the two censuses. Figure 13 includes all censuses between 1920 and 1970, except for those from 1940 to 1950, as these are more questionable and less comparable, according to Taueber (1955) . The six curves are grouped into two sets: censuses before WW II (with a lower likelihood of age misreporting), and those after WW II (with a greater probability of age misreporting). This analysis clearly seems to support the incidence of age misreporting.
The second exercise consisted of comparing the two age structures before and after the misreporting is supposed to have occurred. The two most appropriate censuses would therefore be those of 1935 and 1955. However, those generations experienced considerable emigration and return migration, and significant war casualties. The rates of survival between 1935 and 1955 are therefore only partly due to normal mortality regimes. We therefore used only the post-WW II censuses. The method we followed examined the survival rates between 1955 and 1970. The 13,017 women in Okinawa aged 65-69 in 1970 were compared to the 15,773 aged 50-54 in 1955. If we apply the survival rate for Japan as a whole (0.8253), the survivors would number only 15,457, and we may therefore suppose that part -"p" -of this group was actually aged 45-49 and had experienced a higher survival rate (0.8830) than the average survival rate for Japanese women. The following basic equation allows us to estimate that this "p" would be 30%, assuming that the mortality profile of Japan is applicable and that net migration was negligible. A third exercise focused on women born at the beginning of the 20 th century. Our intent was to estimate the impact of possible misreporting to explain the high number of females aged 100-104 in 2005 (574 according to the last census) and 105-109 in 2010 (91 according to the list of centenarians 21 ). We assume that, due to misreporting, part of a given five-year age group was actually born in the following cohort. Therefore a proportion of women reported to be born in 1900-1904 were actually born in 1905-1909 . In order to avoid the period of U.S. administration and to limit the possible impact of migration, the starting date of this exercise is the 1975 census, and we assume that among women born in 1900-1904 aged 70-74 years, a proportion -"p" -was born in 1905-1909 and was actually 65-69 years of age. For example, let us suppose that this proportion is successively 10%, 20%, and 30% of the 12,125 women reported to be 70-74 years of age at the time of the 1975 Okinawa census. In Table 6 we use Japanese life tables to estimate the number of these women who will survive between each pair of censuses, up to 2005. The results show that the number of women who would be 100-104 years of age in 2005 in Okinawa would only be 246, had the population experienced the same mortality rates as Japan as a whole. If we assume that 10% of women declared to be aged 70-74 at the time of the 1975 census actually belonged to the cohorts born in [1905] [1906] [1907] [1908] [1909] , and apply the survival rates for the younger age group, 318 would be alive in 2005. If 20% misreporting is assumed, 389 of these women would be alive in 2005, and a 30% age misreporting assumption would yield a figure of 461, of whom only 173 are centenarians (37%). 
Discussion
A classical individual validation of the age of alleged centenarians is not sufficient to validate the exceptional longevity of the population of Okinawa. Validating population longevity requires several types of demographic analysis, as well as verification of the accuracy of the demographic data. Saito (2010) has confirmed that individual age validation of the oldest olds in Japan is quite difficult because of limited access to original data sources. Certificates of residence (Juminahyo) may be obtained quite easily, but these are secondary sources that do not provide enough information for age validation purposes, and, furthermore, such data can be discarded five years after death. The Koseki tohon contains more information, but the authorization of the family is required to access this data. Only copies of the original Koseki in which the birth of the person was initially recorded can be obtained. However, a full reconstruction of the family cannot be achieved on the basis of that document. The situation in Okinawa is even more problematic, as almost all the original Koseki have disappeared, and the existing Koseki were reconstructed after WW II under very difficult conditions. Nevertheless, we have attempted to validate the individual longevity of 25 of the oldest olds alive at the time of the study (January 2004). We succeeded in obtaining copies of all of their Koseki tohon. Unfortunately conclusive validation was not possible because these copies did not include all the pertinent information: there were no data on children who had already left the household, or on parents or siblings of the alleged centenarians. A complete individual validation would require copies of Koseki not only for the centenarian but also for his or her parents, siblings, and children. We were also only able to obtain information on the last marriage, which means that age at marriage may be biased. For the 7 males and 11 females ever married, we calculated an average age at marriage of 31 years for men and 26 for women; the corresponding average ages for Japan during that period were 29 and 24 respectively. Moreover, we were able to find only 15 children of the 18 married centenarians. The main conclusion from this limited study is that the conditions for developing a complete individual age validation are difficult to meet in Okinawa. In addition, any future attempts at individual age validation would have to include a larger representative sample of centenarians in order to reach significant conclusions. As explained elsewhere (Poulain 2010) , checking birth records or linking death and birth records cannot be sufficient to ensure individual age validation beyond doubt. The family history should also be verified. In the case of Okinawa, if age misreporting occurred when the Koseki were reconstructed in the 1950s, checking the compatibility of the Koseki with the reported age or age at death is not sufficient: the original birth record would be required. In the absence of such records, alternative methods of age validation must be developed.
We compared the longevity of the population of Okinawa with one of the other Japanese prefectures and the best examples of longevity from European and North American countries. The use of centenarian prevalence (the number of centenarians relative to the population) should be avoided, as it is not a valid index for comparing longevity between different populations. By presenting life expectancies at 65 and 80 years of age, based on official life tables, we demonstrate that Okinawa is in the lead, followed at a considerable distance by all the other Japanese prefectures and selected countries. According to the life tables longevity in Okinawa definitely appears to be exceptional, and validation of the longevity of the population is required.
The demographic analysis conducted to validate the exceptional longevity of the population of Okinawa exhibits a mortality crossover when comparing Okinawa and Japan. According to Coale and Kisker (1986) this crossover could result from a selection effect or bad data. We think that both could apply to the findings for Okinawa. The differences in behavior and nutrition between the two groups of generations in Okinawa and Japan have been established (Kagawa 1978) , and caloric restriction only affected those born before WW II (Willcox et al. 2006) . Nevertheless, the impact of nutrition would have to be enormous to justify the survival rates, and such a hypothesis would have difficulty explaining the considerable difference between males and females. Therefore, the "bad data" hypothesis has to be thoroughly investigated.
The circumstances in which the Koseki in Okinawa was reconstructed after WW II, up to the reunification with Japan in 1972, support the hypothesis that the age of a significant number of persons born before 1945 could have been misreported. We believe that, although there were reasons for overstating age, most of the errors were probably inadvertent. Longevity can be compared between areas where the Koseki were reconstructed and others where they remained intact, but the differences are not statistically significant. In order to assess the possible effect of the reconstruction of the Koseki on reported longevity, we preferred to consider the number of legal actions initiated in the 1950s and 60s for changes in the Koseki, as reported by Nishihara (1975 Nishihara ( , 1977 . As shown by his research, the correlation between the number of legal actions and longevity by village is significant. This conclusion contradicts that proposed by Willcox et al. (2008) and confirms the necessity of considering the bad data hypothesis.
Despite the arguments presented above there are some demographic features that could indirectly support exceptional longevity in Okinawa. The strongest argument is the absence of centenarians at extreme ages (above 115 and 120), as this would be compelling evidence of age exaggeration. Other demographic characteristics such as the increase in the number of centenarians over time, some internal age structural indicators (110+/105+ and 105+/100+), and the possibility of age heaping, have also been investigated. The range of figures is within the realm of reasonable values and supports the validity of the longevity of the population. However, such arguments are necessary but not sufficient for validating population longevity, as random misreporting and overstating of age may easily meet all these requirements. For example, the observation that the maximum reported age at death is 112 for both men and women is not sufficient to validate longevity. We must bear in mind that local authorities usually scrutinize more closely the data for the oldest olds, and any error discovered would therefore be immediately corrected. The high female/male sex ratio among the oldest olds also cannot be regarded as validating longevity in Okinawa, because it has been proven that, for regions of Italy, higher longevity is associated with a lower ratio (Robine et al. 2006) .
The two simple theoretical exercises we have proposed in this article lend credence to the assumption that misreporting, e.g. overstating of the age of some individuals born before WW II, has influenced the age and sex structure of the population of Okinawa. These results do not prove the existence of bad data, but point to the need for in-depth validation.
In conclusion, we think that the evidence that has so far been presented is necessary but not sufficient to validate the longevity of the population. We advance some arguments in this paper showing that there were opportunities for age misreporting and exaggeration immediately following WW II when the Koseki was reconstructed. Recent figures on the number of centenarians in Okinawa did not increase in 2010, and that prefecture lost its top ranking for female life expectancy in Japan. This could support our hypothesis. Nevertheless, we must admit that we did not find proof that the age of any centenarian had been exaggerated. We believe that the apparent longevity of the population of Okinawa is so remarkable that it should continue to be regarded as an example of exceptional population longevity. Despite the difficulties of gaining access to individual data, we recommend that an in-depth individual validation be conducted, which will require the development of innovative methods. Our research did not cast doubt on the findings of longevity determinants in Okinawa. However, in-depth validation would give them greater credibility. In closing, we would like to quote Coale and Li (1991) on age validation in China: "The major lesson to be learned from this research is that data on ages listed in censuses, surveys, or registers of a population must be scrutinized critically, even when there are reasons to suppose that the data are accurate. Accuracy of most of the data does not mean that all of the data are accurate; as William Brass said, all data are guilty until proven innocent."
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